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Abstract 
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period, and age at first egg laid were measured in 652 female progeny of heterozygous × heterozygous 
(F1) or heterozygous × homozygous (backcross) matings of the Iowa State University S1 White Leghorn 
chicken line. Hens were classified by B-haplotypes (B1 or B19) and haplotype-associated immune 
responses (high or low) to the amino acid polymer glutamic acid-alanine-tyrosine (Ir-GAT). Body weights 
were affected by parental mating group, sire, and dam, but they were not affected by haplotype (B/Ir-GAT). 
Sexual maturity and egg production were not affected by any factors except hatch. Average egg weight 
was affected by parental mating group, sire, dam, and genotype, with homozygous B19B19 birds having a 
heavier mean egg weight (41.71 g ± .20) than homozygous B1B1Ir-GAT-high and -low birds (40.8 g ± .38 
and 39.2 g ± .54, respectively); mean egg weights of heterozygous birds were approximately intermediate 
to the others. 
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Associations of Major Histocompatibility Complex Haplotypes 
with Body Weight and Egg Production Traits in 
SI White Leghorn Chickens1 
C. D. KIM, S. J. LAMONT,2 and M. F. ROTHSCHILD 
Department of Animal Science, Iowa State University, Ames, Iowa 50011 
(Received for publication November 16, 1987) 
ABSTRACT Body weights at 8, 20, and 32 wk, total egg production, average egg weight, egg production 
during a 4-wk period, and age at first egg laid were measured in 652 female progeny of heterozygous x 
heterozygous (Fl) or heterozygous x homozygous (backcross) matings of the Iowa State University SI 
White Leghorn chicken line. Hens were classified by B-haplotypes (B1 or B19) and haplotype-associated 
immune responses (high or low) to the amino acid polymer glutamic acid-alanine-tyrosine (Ir-GAT). 
Body weights were affected by parental mating group, sire, and dam, but they were not affected by 
haplotype (B/lr-CAT). Sexual maturity and egg production were not affected by any factors except hatch. 
Average egg weight was affected by parental mating group, sire, dam, and genotype, with homozygous 
B l9B" birds having a heavier mean egg weight (41.71 g ± .20) than homozygous BiBi Ir-GAT-high and -
low birds (40.8 g ± .38 and 39.2 g ± .54, respectively); mean egg weights of heterozygous birds were 
approximately intermediate to the others. 
(Key words: body weight, egg production, sexual maturity, major histocompatibility complex) 
1989 Poultry Science 68:464-469 
INTRODUCTION 
The major histocompatibility complex 
(MHC) plays an important role in genetic 
control of immune response and also influ-
ences economically important traits in domes-
tic animals and poultry. Briles et al. (1950) 
first described the segregation of blood types 
in the chicken. Schierman and Nordskog 
(1961) used the skin grafting technique to 
determine that the B blood group locus 
strongly influenced transplantation immunity. 
Thus, the erythrocyte alloantigen system B 
(Ea-B) was identified as the major histocompa-
tibility locus in the chicken. 
After the B system was described, many 
workers studied the effect of MHC genotype 
on economic traits such as mortality, body 
weight, and egg production (Briles and Allen, 
1961; Allen and Gilmour, 1962; Nordskog et 
al., 1973, 1977; Gavora et al., 1980, 1986; 
Simonsen et al., 1982; Lamont et al, 1987). 
Using the Iowa State University SI White 
Leghorn line, which possessed the B1, B2, and 
'Journal Paper Number J-12867 of the Iowa Agriculture 
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Project Number 2237. 
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B19 haplotypes, Nordskog et al. (1973) re-
ported that the lowest egg production and the 
highest adult mortality were associated with 
the B1 haplotype. Pevzner et al. (1975) also 
showed that homozygous BlBl pullets had 
significantly higher mortality than heterozy-
gous BlB2 and BlBw pullets, and that BlBl 
pullets responded with lower antibody titers 
after immunization with ferritin, bovine serum 
albumin, and parainfluenza-3 virus. Simonsen 
et al. (1982), Gavora et al. (1986), and Lamont 
et al. (1987) have also reported that B blood 
type is correlated with egg production. The 
purpose of this study was to determine the 
effect of MHC haplotypes and selection for 
immune response to the random synthetic 
amino acid polymer, glutamic acid-alanine-
tyrosine (Ir-GAT), on the economic traits of 
body weight, egg production, egg weight, and 
sexual maturity in the Iowa State University 
SI line of White Leghorn chickens. 
MATERIALS AND METHODS 
Experimental Animals. Chickens used were 
derived from the Iowa State University SI 
White Leghorn chicken line. A detailed study 
of the SI line pedigree has been done 
(Nordskog and Cheng, 1988). Breeders were 
chosen, from 1965 to 1978, on the basis of Ea-
464 
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TABLE 1. Genotypes of sire, dam, and progeny in 




















































'1H = B1 /r-G47" Wg/i; 1L = Bl Ir-GAT low; 19 = B1 9 . 
B type, and were mated to produce homozy-
gous and heterozygous progeny. Since 1978, 
selection has been applied within each Ea-B 
type for Ir-GAT, resulting in four subline 
haplotypes: B'51 Ir-GAT high, BXBX Ir-GAT 
low, B19B19 Ir-GAT high, and B19fl19 Ir-GAT 
low (Pevzner et ai, 1978). The average 
inbreeding of the sublines in 1983 was 42% 
(Nordskog and Cheng, 1988). 
Hens used in this experiment were progeny 
of either heterozygous x heterozygous (Fl) 
matings or heterozygous x homozygous (back-
cross) matings, and were grandprogeny of 
homozygous birds from the four sublines of 
the SI line. Eleven mating groups were 
designated on the basis of the parent genotypes 
(Table 1). For this study, three different MHC 
haplotypes are considered: BlIr-GAT high, 
BlIr-GAT low, and B19. The former two are 
separated from each other because other 
studies (Lamont et ai, 1984; Skjoedt et ai, 
1985; W. E. Briles, Northern Illinois Universi-
ty, DeKalb, IL, personal communication, 
1988) have suggested that there are differences 
between the B-G or B-F subregional antigens 
of BlIr-GAT high and BHr-GAT low genetic 
types. Differences between these two haplo-
types in B-L genes were not, however, 
demonstrated by restriction fragment length 
polymorphism analysis of the B-L genes 
(Pitcovski et al., 1989). The three different 
haplotypes, in homozygous or heterozygous 
form, produced progeny of six distinct geno-
types used in the present study. 
The eggs were collected for two 3-wk 
periods and were hatched 3 wk apart. All 
chicks were individually pedigreed. The MHC 
types of the progeny were determined at 6 wk 
of age with alloantisera that distinguished Bl 
and B19 birds from each other. Individual Ir-
GAT types were assigned by pedigree by 
assuming that there was no recombination 
between B-G and Ir-GAT loci. There were 331 
and 321 hens, respectively, randomly selected 
for evaluation from the first and second hatch 
groups. 
The traits examined in this experiment 
were: BW at 8, 20, and 32 wk of age (BW8, 
BW20, BW32); sexual maturity (age, in days, 
at first egg laid, FED); egg production during 
the whole experimental period (PRO); average 
egg weight (AEW); and egg production during 
a 4-wk period (EGN). To estimate egg 
production, eggs were collected for 4 days a 
week starting at 20 wk of age. If the first egg 
was not laid before 20 wk of age, egg 
production was estimated in the period from 
the first egg laid to 34 wk of age, which was 
the end of the experimental period. Individual 
egg production was calculated from data on 
total days collected and total number of eggs. 
If a hen had not laid before the endtff the test 
period, the production of this hen was recorded 
as 0% instead of deleting the record, and the 
age at sexual maturity was recorded as the end 
of the experimental period. During the 4-wk 
period of 29 to 32 wk of age, the number of 
eggs (EGN) was recorded separately as a trait 
of short-term egg production. During that time, 
3 to 5 eggs were weighed to estimate the 
average egg weight. 
Statistical Analyses. Data were analyzed by 
the method of least squares analysis of 
variance by using the SAS statistical program 
(SAS, 1985). The assumed model was: 
Yijklmn = u + R i + T j + sjk + 4 j M 
+ G T m + eijkinn, 
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where Y = the value of the m* animal; u. = 
population mean; Rt = the fixed effect of the i* 
replication; Tj = the fixed effect of the j * 
parental mating group; sjlc = the random effect 
of k* sire within j * parental mating group; dju 
= the random effect of 1th dam effect within k* 
sire, and j m parental mating group; GTm = the 
fixed effect of genotype and ey^n,,, = the 
random residual error with mean zero and 
variance a2. 
The parental mating group effect was tested 
by using the sire mean square as the error 
term; the sire effect was tested by using dam 
mean square as the error term. Other effects 
were tested by using the error mean square. 
Because the analysis of genotype effect was 
based on the six possible genotypes, represent-
ing diploid combinations of the three haplo-
types, the degrees of freedom for genotype are 
five. All tests are approximate F tests. Com-
parisons among means of effects were made 
only if a significant F test resulted from the 
analysis of variance. Standard errors of least 
squares means for mating group were esti-
mated using sire within mating group as the 
error term. Correlations between body weight, 
egg production, sexual maturity, and average 
egg weight were estimated by pooling data 
across haplotype classifications. 
RESULTS 
The analysis of variance of factors affecting 
each of the recorded traits is shown in Table 2. 
The effect of hatch on BW8 was highly 
significant. The first hatch group (.475 kg ± 
.003) was significantly (P<.05) heavier than 
the second group (.423 kg ± .003). The effect 
of different parental mating groups for BW8 
approached significance (P<.10). Genotype did 
not significantly affect BW8. Sire and dam 
effects on BW8, BW20, and BW32 were 
significant (P<05). The factors significantly 
affecting BW20 were hatch, mating group, 
sire, and dam. There were no differences for 
BW20 between groups differing for genotype. 
These overall trends continued for BW32, 
except that the effect of hatch was no longer 
significant. 
The traits of FED, PRO, and EGN had 
apparently higher unexplained environmental 
effects than did the body weight traits, because 
R2 values were reduced (Table 2). The FED 
was significantly affected only by hatch. The 
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TABLE 3. Least squares means and standard errors of body weight and egg weight by mating group 
Mating 
group 8-wk BW 20-wk BW 32-wk BW Egg weight 
(kg) (g) 
1 .399 ± .040 1.084 ± .079 1.236 ± .102 41.34 ± 1.69 
2 .462 ± .010 1.140 ± .021 1.326 ± .027 40.63 ± .46 
3 .443 ± .014 1.075 ± .027 1.208 ± .034 40.94 ± .58 
4 .459 ± .013 1.125 ± .025 1.278 ± .032 39.77 ± .57 
5 .441 ± .015 1.045 ± .029 1.141 ± .037 41.28 ± .64 
6 .494 ± .020 1.127 ± .040 1.218 ± .050 40.98 ± .90 
7 .476 ± .024 1.084 ± .046 1.225 ± .059 43.54 ± 1.00 
8 .445 ± .026 1.117 ± .052 1.263 ± .066 41.72 ± 1.08 
9 .432 ± .013 1.202 ± .026 1.415 ± .033 40.01 ± .57 
10 .443 ± .010 1.033 ± .020 1.155 ± .027 40.65 ± .45 
11 .413 ± .014 1.053 ± .028 1.201 ± .037 39.66 ± .64 
second hatch group was slower in maturing 
than the first hatch group. The EGN was only 
significantly affected (P<.05) by sire. There 
were no differences among genotypes for FED, 
PRO, and EGN. For AEW, there were highly 
significant differences (P<.01) between geno-
types. There also were significant differences 
between parental mating groups, sire, and dam 
for AEW. 
The least squares means and their standard 
errors of BW20, BW32, and AEW by mating 
group are shown in Table 3. No complete 
comparison among means is given because of 
the large number of means, which were tested 
in a pairwise manner, but some comparisons 
follow. Group 9, with B19/B19, Bx9IBxIr-GAT 
low, and Bxlr-GAT low/BxIr-GAT low, had the 
greatest BW20. Groups 5 and 10 had the 
lowest body weights at 20 wk and 32 wk, and 
both contained Bx Ir-GAT high/Bx Ir-GAT high 
and Bx Ir-GAT high/Bx9 (Group 10 also had 
BX9/BX9). At 32 wk, Group 11, which had 
genotypes identical to those of Group 10, also 
was not significantly different from Groups 5 
and 10 in BW. The AEW means by mating 
group did not rank the same as the body 
weight means. Group 7 (B1 Ir-GAT high/Bx Ir-
GAT high and Bl Ir-GAT low/Bx9) had the 
heaviest egg weight of all groups but the body 
weight of this group was intermediate to those 
of the other groups. 
Of all the egg production traits evaluated, 
only AEW was significantly affected by 
genotype (Table 4). The homozygous BX9BX9 
birds had a significantly (P<.05) greater mean 
egg weight (41.7 g ± .20) than Bl Ir-GAT high/ 
Bl Ir-GAT high or Bx Ir-GAT low/B1 Ir-GAT 
low homozygous birds (40.8 g ± .38 and 39.2 
± .54, respectively). The AEW of heterozygous 
birds was intermediate to those of the other 
birds. 
Correlations between BW8, BW20, BW32, 
FED, AEW, PRO, and EGN are presented in 
Table 5. There were significant positive 
correlations among body weights at each age 
(.31 to .77, P<.01). The FED was significantly 
correlated with egg traits PRO and EGN (P<. 
01). The correlation between FED and the 
body weight traits changed from a significandy 
negative correlation to a low nonsignificant 
positive correlation as birds became older. The 
AEW also was significantly (P<.05) correlated 
with BW8 and BW20. The correlation of AEW 
and BW32 was significant at P<.1. There was 
no correlation between AEW and FED. Both 
PRO and EGN were significantly correlated 
with body weights and average egg weight (.10 
to .23). The correlation between PRO and FED 
was -.22 (P<.01). 
TABLE 4. Means and standard errors of average egg 
weight by genotype 
Genotype1 x SEM 
1H/1H 40.8" .38 
1L/1L 39.2C .54 
1H/1L 40.7,bc .69 
1H/19 41.0"b .28 
1L/19 41.3,b .27 
19/19 41.7" .20 
"'Means with no common superscripts are significantly 
different (P<.05). 
'1H = B1 Ir-GAT high; 1L = B1 Ir-GAT low; 19 = B 1 9 
468 KIM ET AL. 
TABLE 5. Correlations between body weight, sexual maturity, average egg weight, egg production, 
and egg numbers during 4-week test1 



























'Correlations calculated as simple correlations. 
2BW8 = Body weight at 8 wk of age; B W20 = body weight at 20 wk of age; BW32 = body weight at 32 wk of age; FED = 





Only AEW, of all egg production traits 
evaluated, was significantly affected by the 
MHC genotypes of the hens in the present 
study (Table 2, 4). These results differ from 
the results of Briles and Allen (1961) and 
Nordskog et al. (1973), which showed that 
several egg production traits were significantly 
affected by B haplotypes. These contradictory 
results might be explained by the relatively 
small variability in the SI population, as these 
birds were derived from a population that was 
partially (42%) inbred. Alternately, environ-
mental differences may have played a role in 
the differences seen between studies. The 
MHC exerts major genetic control over im-
mune response and disease resistance. Differ-
ences in exposure to stresses and pathogens 
could result in changes in MHC frequencies 
and impact on the relationship seen between 
MHC haplotypes and egg production traits. 
Three independent studies found significant 
differences between B haplotype frequencies of 
chicken lines selected for economic traits and 
unselected lines. Simonsen et al. (1982) 
analyzed the frequencies of B haplotypes in 
lines selected for egg production or egg quality 
traits in four Scandinavian countries. They 
reported that lines selected for increased 
numbers of eggs or kilograms of eggs/kg feed 
had a higher frequency of the B15 haplotype, 
and that B19 was increased in the lines selected 
for increased egg size or kilograms of eggs/kg 
feed. Gavora et al. (1986) studied a population 
that had been selected for both high egg 
production and for Marek's disease resistance; 
they reported that there was a marked increase 
in the combined frequency of haplotypes B21 
and B2. Lamont et al. (1987) determined B 
haplotypes in lines selected on the basis of 
indexes incorporating information on body 
weight and egg mass, with or without feed 
consumption information. The B2 haplotype 
frequency increased, and the B13 haplotype 
decreased, in index-selected lines as compared 
with control lines. 
Bornstein et al. (1984) reported that there 
were negative correlations ranging from signif-
icant to negligible between BW and age at 
sexual maturity in broiler breeder hens. Bal-
nave (1984) reported that mean egg weight 
was significandy affected by the 21-wk BW of 
the pullet, as was sexual maturity measured by 
age at 50% lay. Those results are similar to the 
results of this study. The results of Balnave 
(1984) showing that egg production was not 
affected significantly by BW differ from the 
results of this study, perhaps because the 
pullets in that study were feed-restricted 
whereas the ones in the present study were fed 
ad libitum. 
In summary, this study was conducted to 
estimate the effects of MHC genes on body 
weight and egg production traits. Egg produc-
tion, body weight, and sexual maturity were 
not affected by MHC genotype, but average 
egg weight was affected by MHC genotype. 
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